shire, but as no cases of pneumoconiosis from these detached areas have arisen in the present series they will not be considered (Scottish Home Department, 1944) .
The coalfields of Scotland have been grouped into broad divisions in Fig. 1 (Fig. 2) . Some of the coalfields and areas contain both series of coal-bearing rocks. In some districts the workable seams lie at shallow depths while in others they have to be worked at much greater depths.
No significant geological differences in rock formation would be encountered in extracting coal from the productive coal measures and the limestone coal group (Macgregor, personal communication) . But in certain districts and collieries and even in different seams in the same colliery, work in thin seams, necessitating brushing the roof or pavement, and faults requiring more mine driving to follow the seams of coal, may add considerably to the silica content of the dust.
Definitions
Since 1928 when legislative provision was first made for the payment of compensation to coal miners disabled by silicosis there have been several changes in the law (Sutherland, 1949) . But in the present study the disease was recognized as pneumoconiosis as defined in the Coal Mining Industry (Pneumoconiosis) Compensation Scheme, 1943, namely, " fibrosis of the lungs due to silica dust ... or other dust and includes the condition of the lungs known as dust reticulation". As the review relates to the years 1944 49 this, in effect, means all applications from coal miners made in pursuance of the above scheme, or the National Insurance (Industrial Injuries) Act, 1946 . There are differences in procedure between these two enactments, but from the medical point of view the definition of the disease is the same and disablement arising from the disease can be recorded on a similar basis. In assessing disablement the effects of tuberculosis accompanying pneumoconiosis are reckoned as those of pneumoconiosis.
It was also necessary to ensure that all men included in the survey could rightly be assigned to coal mining in the Scottish Area. The records showed that in the specified six-year period 1,953 claimants were examined by the Medical Panel under the two schemes named above. Thirty-nine men who made claims had had substantial exposure to dust outside the coal mining industry in such occupations as stone-quarrying, foundry work, and shale mining, or had been employed for considerable periods in coal mines outside Scotland. They have been excluded from this study, thus reducing the total to 1,914 persons, of whom 1,315 were certified to be suffering from pneumoconiosis. While some of these had been employed temporarily in surface occupations all had engaged mainly in underground work.
During the period some workmen had two or more examinations, either because of a previous refusal by the Medical Panel to grant a certificate or for reassessment of the degree of disability. These cases were allocated to the year in which a certificate was granted.
The numbers of certifications are shown in Table 1 . 1944  76  40  15  9  12  1945  125  75  17  20  13  1946  154  96  24  26  8  1947  292  196  31  39   26  1948  289  171  48  38  32  1949  379  245  44  47  43   1944-1949   1,315  823  179  179  134 PNEUMOCONIOSIS IN SCOTTISH COAL MINERS During this period there has been a considerable and progressive increase in the number of men certified in all four main coalfields. This increase, however, is not uniform throughout the coalfields, for, whereas the increase in A is six times and in C is five times, in B and D the increases are threefold.
As explained, these cases represent only those dealt with under the Coal Mining Industry (Pneumoconiosis) Compensation Scheme, 1943 , and the National Insurance (Industrial Injuries) Act, 1946. However, there were a number of additional certifications arising out of previous schemes. Pur-1944 Pur- 1945 Pur- 1946 Pur- 1947 Pur- 1948 Pur- 1949 Pur- 1944 There is no doubt that a number of older miners and others whose physical capacity for work was impaired patriotically carried on during the war. Subsequently they began to leave the mines and made application for certificates of disablement. Again the exhaustion of coal workings, for example in central Lanarkshire, led to some pits being closed with the result that men in impaired health who were able to continue working in their own pits found the effort of starting off in a new district beyond their capacity. This had the effect of bringing such cases forward for certification. Then, during the last few years facilities for radiological examination of the chest at hospitals and in mass radiography surveys had greatly extended and was the means of discovering some unsuspected cases of the disease.
However, even when due allowance is made for these influences it seems reasonable to suggest that there has been a true increase in the occurrence of pneumoconiosis in the Scottish coalfields during recent years. As has been shown above, a definite rise in the number of certifications showing the silicotic type of disease has taken place. Moreover, as on first examination by the Medical Panel about one-half of all these persons was judged to be totally disabled and the remainder showed definite impairment of physical capacity for work, it is probable that the application for a certificate was determined by illness and not by any accidental discovery.
Incidence of Pneumoconiosis Fletcher and Oldham (1949) have emphasized the errors of interpretation which occur in the radiological diagnosis of pneumoconiosis, and Cochrane (1951) has discussed-the disparity between certification rates and true prevalence rates simply because affected men may continue to work without seeking examination. With these two sources of error the certification rate cannot reflect the true incidence of the disease. But over a number of years, other factors remaining constant, it should be an index of disabling disease. (Certification rate is here used to mean the annual number of certifications per 1,000 underground workers.) The rates are based on populations underground in 1944. It is assumed that these populations did not change substantially during the period under review (Table 4) . For the whole of Scotland the rate rises from 121 in 1944 to 606 in 1949 with a mean annual rate for the years 1944-49 of 3 50. When the total number of certifications under all schemes is taken into consideration the corresponding figures are 1-74, 6 69, and 3-95 respectively. A considerable variation in the mean annual certification rate for the years 1944 49 is found between the separate coalfields ranging from 4-61 in A to 1-96 in B.
If these figures are further broken down into districts within the separate coalfields the variation in certification rates is even more striking. Districts A3 and C2 have high certification rates of 9-84 and 6 13 respectively and B3 the lowest rate of 0-85. The possible causes for these large differences must be considered.
Geological Formation.-Area B3 and coalfield D are essentially productive coal measures, yet the mean annual certification rates differ as between 0-85 and 2-34. Similarly in areas Al, B2, and C2, which are essentially of the limestone coal group, the respective rates are 2*29, 2-66, and 6-13. Then comparing coalfield D, which is 93.2% productive coal measures, with area Al, which is 92-5% limestone coal group, and both involving comparable numbers of workmen, the certification rates are almost identical, 2-34 and 2-29 respectively. The workmen with few exceptions had spent the whole of their working lives in a single area and so the incidence of disease should reflect the dust hazards of the coal measures of that area.
Thus it seems that geological formation does not play any material part in the varying incidence of pneumoconiosis in the different areas of the Scottish coalfields. This is in keeping with the information recorded earlier that there are no significant geological differences between the productive coal measures and the limestone coal group such as would result in any material differences in the quality of airborne dust to which these separate groups of miners are exposed.
Dustiness of Mines.-Sir Andrew Bryan (1949 Bryan ( , 1950 H.M. Chief Inspector of Mines, has emphasized the important part played by the increased production of dust which has resulted from greater mechanization in mines. But mechanization itself is not the only factor affecting the production of dust. Jenkins (1948) states that the progress of mechanization in the South Wales coalfield, where the incidence of certified cases far exceeds that of all other areas (Fletcher, 1948) , has proceeded much more slowly than in other parts of Great Britain. He attributes the high incidence of pneumoconiosis in South Wales coal miners to the dry, dusty conditions prevailing there.
Other factors which probably affect the dustiness of a mine are thinness of the seams and frequent faulting, conditions which are more common in some areas than in others. Not only do they affect the quantity of airborne dust but they alter the quality by increasing the silica content.
With Fletcher (1948) and to show that complicated pneumoconiosis appears only as a result of associated infection, probably tuberculous, in lungs already occupied by dust. Moreover, Fletcher (1950) , as a result of a series of researches, has concluded that massive fibrosis develops only on a basis of antecedent simple pneumoconiosis of category 2 or more.
Our personal experience is that radiological appearances of pneumoconiosis among coal miners in Scotland conform closely to those described by Davies and Mann in South Wales coal miners. Accordingly in this discussion simple pneumoconiosis and complicated pneumoconiosis bear the meaning attached to them by these authors.
Of the 1,315 certified cases, 358 or 27-2% were diagnosed as complicated pneumoconiosis (Table 7) . Table 7 shows that throughout the six years 1944 to 1949 there has been a definite increase in the absolute number of certificates given for complicated pneumoconioiss, but simultaneously the proportion of the latter in all certifications in each Table 8 shows that the degree of disability found at the time of first certification increases with the age of the applicant, a relationship which accords with the findings reported by Gilson (1951) in South Wales. This does not mean that age is the only factor involved in determining disability, for when the type of pneumoconiosis is related to the age of the applicant ( Table 9 ) it appears that the percentage incidence of complicated pneumoconiosis progressively rises with age. This suggests that the period of exposure to risk, which is reflected by age, may be a factor in the production of complicated pneumoconiosis.
Disablement in Relation to Age

Pneumoconiosis in Separate Mining
Occupations A number of applicants had been engaged in one type of work long enough to suggest that any pneumoconiotic changes present were probably due to a particular occupation. Four groups were defined, namely, brusher and stoneminer (261), fireman and shotfirer (35), machineman (79), hewer and stripper (187); the remaining 753 had had mixed employment. Although the attack rate of pneumoconiosis in the various groups cannot be calculated, the type of disease found in these occupational groups is of interest (Table 10) . Among brushers and stoneminers, that is men whose work is predominantly in stone, the incidence of complicated pneumoconiosis not only increases with age, but is relatively more common at all ages than in the other occupational groups. Thus working in stone may be a further factor in the causation of complicated pneumoconiosis.
Massive fibrosis or complicated pneumoconiosis is a more advanced pathological state than simple pneumoconiosis. In general the more advanced the degree and type of the disease the more advanced the degree of disablement, but Table 11 shows that simple pneumoconiosis may cause total disablement and complicated pneumoconiosis may still be consistent with considerable working capacity.
Complicated pneumoconiosis has in every case been assessed as causing some degree of disablement. Fifty per cent. of the 358 persons suffering from it were certified to be totally disabled; the corresponding figure in respect of the 957 cases of simple pneumoconiosis was only 13-2%.
So far, then, the evidence suggests that the period at risk as reflected by age is a factor in the aetiology of massive fibrosis or complicated pneumoconiosis. In individual occupations stone work may be another contributory factor. Throughout the literature reference is always made to the influence of (70), but on the other hand these same occupations have a high mortality rate from bronchitis and pneumonia (151). The proportion of complicated pneumoconiosis in all cases is almost identical in each of the four coalfields, but the mean annual certification rate varies throughout these coalfields (see Table 4 ). The relation of the certification rates of pneumoconiosis to the death rates for respiratory tuberculosis and for bronchitis and pneumonia in the corresponding areas is shown in Table 12 .
In this comparison there is a possible fallacy in that the population used by the Registrar General comprises all ages, whereas the pneumoconiosis certification rate is based on a male population What then determines complicated pneumoconiosis? In our opinion, the period at risk is a material factor and this is reflected in the age of the patient. Stone dust may be another factor. These factors inculpate both the quantity and quality of dust. It is not claimed that we have proved that complicated pneumoconiosis is essentially due to the quantity and quality of the noxious dust cloud, but we do suggest that these are important factors hitherto diminished by the emphasis on the part played by the tubercle bacillus.
In the elucidation of the aetiology of pneumoconiosis this complex problem of the separate or combined roles of dust and the tubercle bacillus is the greatest challenge to the experimental pathologists. Though as yet we do not know the answer, the control of airborne dust demands the unremitting attention of all engaged in mining coal (Bryan, 1949, 1950a and b; Meiklejohn, 1950) . Summary
The occurrence of pneumoconiosis in the Scottish coalfields is examined by a study of all the cases (1,315) certified in this area under the Coal Mining Industry (Pneumoconiosis) Compensation Scheme, 1943 , and the National Insurance (Industrial Injuries) Act, 1946 , during the six years 1944 to 1949.
The geographical and geological features of the area are briefly described.
Pneumoconiosis has been recognized in each of the four main Scottish coalfields and in all colliery districts within these. Since 1944 the number of certifications on account of the disease has substantially increased in the Scottish area and in each of its coalfields.
There is evidence that there has been an increase of cases of the " silicotic" type indicating a real increase in the actual occurrence of the disease within recent times. The broader scope of recent legislation, the retirement of older and unfit miners, the closure of pits, and increased radiological facilities are thought to have contributed to the progressive incidence of certifications in the years under review.
The increase is not uniform in the separate coalfields and local features which may have influenced these differences are discussed. The main factors which would appear to determine a high certification rate in an area are local underground conditions such as dry workings, thin seams, and frequent faulting with the intrusion of stone into the production area.
From an analysis of cases which could reasonably be attached to individual pits, it is submitted that there is no reliable evidence which would justify the common allegation that certain pits are " bad."
The 1,315 certifications have been examined in relation to age and the degree of disability arising from the disease. Certified cases have seldom occurred under 41 years of age, which is roughly the equivalent of 21 years of colliery work. In this matter age reflects fairly accurately the length of exposure in years to the dust risk.
It is concluded that the degree of disablement advances with age. It is further shown that complicated pneumoconiosis, a more advanced type of the disease than simple pneumoconiosis, is more common in the older age groups and that this form of the disease is invariably associated with some degree of disability and is at the same time the most common cause of total incapacity for work.
The certifications have been reviewed in relation to special occupational groups and the age of workmen in these groups.
The possible relationship of pneumoconiosis to tuberculous infection is discussed, and it is revealed that the certification rates of pneumoconiosis in the Scottish coalfields appear to be related to the mortality rates from tuberculosis of the lungs in the same geographical areas.
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